Aims To analyse the relationship between the in-hospital course of ST segment elevation (STE) and negative T wave (NTW) with ejection fraction, regional contractility and left ventricular end-diastolic volume at pre-discharge and at 1 year in patients with a first anterior STE acute myocardial infarction (AMI). Methods and results ECG changes were measured during hospitalization and at 1 year whereas ejection fraction, regional contractility score and end-diastolic volume index were measured by isotopic ventriculography at pre-discharge and at 1 year. At 72 h but not earlier patients with STE >0.6 mV (group A, n: 35) had a lower ejection fraction (P<0.001), a higher regional contractility score (P<0.001) and a larger end-diastolic volume index (P<0.001) at discharge than those with <0.6 mV (group B, n: 26). Negative T wave did not provide additional information. At 1 year, group A continued to show a more impaired ejection fraction and regional contractility than group B and a larger end-diastolic volume. Conclusion Although reportedly changes in STE within the first hours correlate with coronary reperfusion our findings indicate that additional assessment of STE as early as at 72 h correlates with wall motion, ejection fraction and ventricular dilatation at discharge and at 1 year.
Introduction
Early coronary reperfusion is known to have salutary effects on global and regional contractility 1 and to prevent left ventricular dilatation. 2, 3 On the other hand, analysis of ST segment elevation (STE) in the first hours of an acute myocardial infarction (AMI), particularly following fibrinolytic therapy or primary coronary angioplasty, may be an efficacious method to assess myocardial reperfusion. [4] [5] [6] [7] During the first days, however, there may be dynamic changes in STE before a more stable pattern is established [8] [9] [10] but there are only few studies that have analysed the course of STE beyond the acute phase and its relationship with ejection fraction (EF), regional contractility score (RCS) or ventricular dilatation before hospital discharge in the fibrinolytic era. [11] [12] [13] Furthermore, even though the relationship between evolutionary changes in the T wave and the ventricular function have been analysed, [12] [13] [14] [15] [16] [17] [18] [19] its possible relationship with left ventricular dilatation before discharge 15 or during the follow-up 18 remain ill-defined.
Therefore, the goal of this study was to investigate the relationship between sequential changes in STE and negative T waves (NTW) with EF, RCS and end diastolic volume in patients with a first anterior STE AMI and to define the earliest time of hospitalization where the status of STE and T waves would identify those patients with an impaired left ventricular function and/or ventricular dilatation at discharge and at 1 year of follow-up.
Methods

Patients
The 61 patients included met the following criteria: anginal pain >30 min unresponsive to nitroglycerin, associated with STE >0.2 mV in =>2 anterior leads (V1-V6) and elevated MB creatine kinase activity (>20 IU/l, twice the upper normal level). Patients with a previous myocardial infarction, coronary revascularization procedures, left bundle branch block, cardiogenic shock or other associated cardiac diseases were excluded.
Protocol
A 12-lead ECG was taken on admission, daily during at least the first 3 days, shortly before discharge, and at 6 and at 12 months. ST-segment elevation was measured at 0.08 s after the J point in eight leads (DI, aVL, and V1-V6) and reported as their sum ( STE) and the maximum STE in a single lead (MSTE). Magnitude of NTW in the same leads was also analysed and reported as their sum in mV ( NTW) and its maximum value in a single lead (MNTW). These electrocardiographic changes were measured in all patients on admission, at 24 h, 72 h, and at 6 and 12 months, whereas in 54 they were also analysed at the 5th day and at pre-discharge. The protocol was approved by the Human Research Committee of our hospital and informed consent was obtained prior to entering the study.
Isotopic ventriculography
An isotopic left ventriculography was performed prior to hospital discharge and at 12 months with red blood cells tagged with Tc99m. Image detection was performed in the left and right anterior oblique projections. Information was presented as a histogram using synchronization with the R wave of the ECG and stored in a computer in studies of 32 images/cardiac cycle in left anterior oblique projection with a minimum of 200?000 counts/ image or 300 cycles, in 64×64 matrix. All cardiac cycles differing by >10% from the average cycle were rejected. Ejection fraction and left ventricular volumes were calculated using the geometric Massardo's method. 20 Visual assessment of regional contractility was performed using a rapid sequential cine analysis by two independent observers. A 15-colour scale with a resolution of 24°/colour and 5-6°/element was used for phase analysis and phase histogram. Segments without phase or amplitude were considered akinetics, those with a reduced amplitude and a delayed phase (width at the base of the ventricular peak of the histogram between 72°and 96°) were considered hypokinetics, and those with a reduced amplitude and a marked delay (base width of the ventricular peak >96°) were considered dyskinetics.
Regional contractility score was assessed in anterobasal, anteromedial and apical segments in right anterior oblique projection, and in septal and lateral segments in left anterior oblique projection, and was graded as 0 for normal contractility, 1 for hypokinesia, 2 for akinesia and 3 for dyskinesia. According to previous studies, 21 an end-diastolic volume index =>70 cc/m 2 was categorized as a dilated ventricle. A >10% variation in end-diastolic volume index or >6% in EF were considered significant. Also, a =>1 point change in regional contractility score was judged as significant. Performance of a coronary angiography in 44 patients during hospitalization was in part left to the discretion of the attending physician. The presence of significant stenoses (>70%) of =>1 major coronary artery and of collateral circulation were assessed (0: absence; 1: partial; or 2: adequate filling).
All patients were followed in the outpatient clinic at 6 and 12 months. One of the left ventriculograms could not be performed in two patients, whereas adequate left ventricular volumes or RCS could not be obtained in seven and 12 patients, respectively.
Statistical analysis
The relationship between the electrocardiographic parameters ( STE, MSTE, NTW and MNTW) measured at the different time intervals and the variables related to left ventricular function (EF, RCS and end-diastolic volume index) were investigated by using the Pearson coefficient correlation analysis. Subsequently, an analysis of the different cut-off points of the electrocardiographic parameters that best correlated with the functional variables at the earliest interval was performed as an attempt to define the point that would best separate patients with an impaired from those with a preserved left ventricular function. The Chi-square test or the Fisher exact test were used to compare categoric variables. The intragroup and intergroup (interaction term) differences for continuous variables were assessed using analysis of two-way repeated measures ANOVA. The Student t test for unpaired samples was used for intergroup differences between one time measurements. Data were expressed as mean±SD.
Results
STE, NTW and left ventricular function during hospitalization
ST-segment elevation was highest on admission and declined thereafter while NTW reached a main peak at 72 h and an additional one at discharge (8-10 days). At 6 months STE and NTW had markedly fallen and were similar than at 12 months ( Fig. 1) . Overall, the correlation coefficients between STE and each of the three variables related to left ventricular function were higher than with NTW (Table 1) . Moreover, the ECG at 72 h was the earliest ECG where STE was significantly correlated with the three functional variables (Table 1) . Correlation between STE and MSTE was high (0.902, P<0.001). Looking at different cut off points of STE at 72 h it was found that STE 0.6 mV would best separate patients with an impaired (>0.6 mV, group A) from those with a preserved left ventricular function (=<0.6 mV, group B, Fig. 2 ). Indeed, most patients with EF <40% (20/22, 91%) and end-diastolic volume index =>70 cc/m 2 (17/23, 74%) belong to group A. The two groups, however, showed similar clinical characteristics except for a higher peak of CK MB in group A ( Table 2) . With respect to the relationship between NTW and the functional variables it was found that although the correlation between MNTW and NTW was also high (0.922, P<0.001), the best cut-off point was for MNTW (<0.5 mV) at 72 h ( Table 3) .
Severity of coronary stenosis did not correlate with the magnitude of STE or MNTW (Table 4) .
STE, NTW and left ventricular function at 1 year
As during the in-hospital evaluation correlation coefficients between STE and each of the three variables related to left ventricular function were higher than with NTW (Table 1) . Moreover, the ECG at 72 h was again the earliest ECG where STE was significantly correlated with the three functional variables (Table 5) . We observed a significant improvement in ventricular function at 1 year in the two groups (Fig. 3) . In fact, EF improved in 58% of patients from group A and in 52% from group B, and, particularly, in 68% of those with a severely depressed EF (<40%). Similarly, RCS improved significantly in 41% of patients from group A and in 45% from group B, whereas end-diastolic volume index decreased significantly in 33% and 45%, respectively. Moreover, a substantial number of patients with a dilated left ventricle at discharge (14/23, 61%) experienced a reduction of end-diastolic volume index to the extent that in 10 (43%) it returned to normal values. Overall, however, patients from group A continued to display a more deteriorated EF at 1 year (45±12% vs 55±12%, P<0.001) and RCS (3.10±1.82 vs 1.2±1.1, P<0.001) than those from group B, and a larger enddiastolic volume index (69±24 vs 59±12 cc/m 2 , P<0.05), (Fig. 3) . Also, patients with MNTW at 72 h <0.5 mV showed the same trend of changes in the different parameters than those from group A, whereas changes in patients with MNTW 0.5 mV at 72 h were similar to those from group B. Among patients with high STE, however, there was a small subset of six patients with deep NTW, 0.5 mV, who presented a better EF (56±8% vs 36±11%, P<0.001) and a trend towards a better RCS and a smaller end-diastolic volume.
Left ventricular dilatation at 1 year
At 1 year, 16 patients showed a dilated left ventricle (=>70 cc/m 2 ) and 12 belong to group A (75%). Thirteen (81%), however, had already a dilated left ventricle at hospital discharge, and four of them had experienced a further dilatation. Thus, of the 54 patients with volume measurements, only seven showed a progressive dilatation at 12 months (13%) and five belonged to group A (71%). Patients with a dilated left ventricle at 1 year were older and had a higher STE at 72 h than those with a dilated ventricle at discharge but not at 1 year (Table 6 ).
Discussion
We have documented that in patients with a first anterior STE AMI the 12-lead ECG performed at 72 h was helpful in identifying those with a more deteriorated ventricular function and a dilated left ventricle both at hospital discharge and at 1 year. Thus, most patients with EF <40% (91%) and end-diastolic volume index =>70 cc/m 2 (74%) presented a STE >0.6 mV at 72 h and 75% of those who would present a dilated left ventricle at 1 year and 71% of those who would experience further dilatation also belong to this group.
STE, infarct size and left ventricular function
Studies on the relationship between magnitude of STE and infarct size in the pre-fibrinolytic era had shown controversial results. [24] [25] [26] [27] Resolution of STE during the first 3 h after a primary coronary angioplasty 22, 23 or thrombolysis, 2,28 on the other hand, has been successfully correlated with a reduction in infarct size and a variable preservation of ventricular function. In some patients, however, resolution of STE may be delayed or STE may reappear after an initial reduction. In the reperfusion era little information is available with respect to the prognostic implications of the course of STE beyond the initial phase regarding the status of EF, RCS or end-diastolic volume index. 11, 29 In our study, a STE >0.6 mV at 72 h permitted identification of patients with large infarcts, a depressed ventricular function and an enlarged end-diastolic volume index at hospital discharge. In part, these findings differ from those reported by Nixdorff 29 who found that in patients treated with streptokinase, a marked STE ( STE >1.0 mV) already on admission was associated with extensive AMI and large hypokinetic areas. Indeed, we encountered that STE in the admission ECG was less consistent in predicting RCS than in the ECG at 72 h. Thus, our results would be more in agreement with those from Bod í et al. 11 who reported that patients with a >0.1 mV STE in =>2 Q leads at 1 week had more severe regional dysfunction than those with a lesser STE. In our study, however, the discriminant ECG was an earlier one, at 72 h, and the correlation with ventricular function was extended to a 12 months follow-up.
It is worth to emphasize, however, that an important proportion of patients from the two groups experienced an improvement in left ventricular function along the first year. It is conceivable then, that both, small and extensive infarctions had relevant areas of stunned myocardium that recovered progressively in contradistinction with the lack of recovery generally reported in the prefibrinolytic period. 30 Despite this improvement, patients from group A continued to exhibit a greater functional impairment at 1 year than those from group B.
STE and left ventricular dilatation
The relationship between STE and left ventricular dilatation has received less attention and results of preceding analysis have been inconclusive. 11, 29 As others, we found that most patients with ventricular dilatation at hospital discharge had large infarctions and belong to group A. We also observed, however, that there was a remarkable rate of reduction in end-diastolic volume index at 1 year, to the extent that 43% of dilated ventricles regained normal values. In this regard, our results are somewhat different from those of Nixdorff et al. 29 for they found that patients with high STE on admission exhibited a progressive ventricular enlargement at 6 months. Indeed, we encountered that although STE on admission was similarly predictable of increased EDVI than at 72 h, a sizable number of patients with persistent STE did not evolve to dilatation at 1 year. More consistent with our findings, therefore, are those from Bod í who reported no significant change in enddiastolic volume index for the whole group of patients studied. 11 Unfortunately, however, they did not perform subgroup analysis. In our patients improvement in enddiastolic volume index was associated with a significant improvement in RCS indicating that, at least in part, it reflected recovery of stunned myocardium.
At 1 year, left ventricular dilatation was present in only 30% of our patients and a similar figure has been recently reported. 35 Most of these patients (75%), however, belong to group A and had initiated this process during the hospital course, as previously suggested. Moreover, 71% of patients who presented a progressive dilatation at 1 year also belong to group A. These patients were older and had a greater STE than those who had a dilated ventricle at discharge but not at 1 year although they showed a similar enzymatic infarct size. Hence, these findings would be in line with observations made in elderly patients that suggest a particularly impaired microvascular reperfusion perhaps related to a preexisting endothelial dysfunction. 36 In keeping with this, impaired microcirculation within the infarcted area has been claimed to unfavourably influence postinfarctional remodelling. [1] [2] [3] We may add, according to our findings, that among patients with a comparable infarct size those with a greater STE would present a more transmural necrosis and, thus, a lesser amount of viable tissue in the epicardial zone which could facilitate a progressive ventricular dilatation.
NTW, infarct size, and left ventricular function and dilatation
The functional significance of NTW following an AMI has not been investigated in depth although several authors have indicated that patients with greater NTW during the first days have smaller infarcts and a better ventricular function than those with NTW of lesser magnitude. [15] [16] [17] Nevertheless, most of these studies do not report concurrent changes in the ST segment and hence, it is unclear whether T wave changes provide any additional useful information. In our study and with respect to infarct size and global left ventricular function, the information derived NTW at 72 h was comparable to that of STE. In contrast, NTW were of no help in identifying differences in RCS and end-diastolic volume index before discharge, or in recognising those patients who would undergo a subsequent left ventricular dilatation.
Limitations
Two potential drawbacks of our study are the reduced number of patients included and the lack of angiography in some of them. Also, the fact that coronary angiography was not performed in the first 72 h in most patients does not allow a strict on-time correlation with the ECG findings. However, patency of the artery responsible for AMI can not be always correlated with existence of adequate perfusion in the corresponding myocardial region. [1] [2] [3] In fact, and as it has been suggested, 32 absence of viable myocardium in the infarcted territory is likely to account for ventricular dilatation in patients with open arteries. Another limitation is that because of technical difficulties, analysis of RCS and end-diastolic volume could not be performed in all patients. Notwithstanding these drawbacks, a definite correlation could be established between the course of STE and the status of left ventricular function and end-diastolic volume.
Implications
Our data provide evidence that as early as at 72 h a relevant STE ( STE >0.6 mV) in patients with an anterior AMI is a useful marker of an impaired EF and RCS at pre-discharge and at 1 year. This is of practical interest for it would be complementary to the information derived from STE analysis within the first hours for assessment of coronary reperfusion. 22, 23, 28 According to our findings, therefore, re-evaluation of STE at 72 h would allow a further stratification of these patients. In fact, most of those with a severely impaired systolic left ventricular function or a dilated ventricle at hospital discharge and/or at 1-year follow-up would identified by an STE >0.6 mV at 72 h. In these patients one might be inclined to provide not only afterload reduction, particularly with ACE inhibitors, but also to consider the convenience of coronary revascularization to reduce subsequent remodelling and improve systolic function. [37] [38] [39] In fact, it is likely that very early reperfusion therapy would avoid the persistence of STE and its negative consequence in a sizable proportion of these patients. Group A : ∑STE >0.6 mV; Group B : ∑STE < 0.6 mV Fig. 3 Evolutionary changes in regional contractility score, end diastolic volume index and ejection fraction during the first year in patients from group A: sum of ST elevation >0.6 mV, and group B: sum of ST elevation ≤0.6 mV. In both groups, there was a significant improvement in the ejection fraction and in the group with sum of ST elevation ≤0.6 mV the regional contractility score also improved significantly. EF=ejection fraction; EDVI=end-diastolic volume index; RCS=regional contractility score. 
